Cardiac catheterization laboratory records were reviewed to identify all patients who had undergone both diagnostic catheterization for evaluation of aortic stenosis and coronary arteriography from the date it became routine policy in our hospitals to perform the latter procedure on all cases of left ventricular outflow obstruction before surgery. Since we were interested in examining only those patients with unequivocally severe aortic stenosis who were in an age range which could make concomitant coronary atherosclerosis a reasonable possibility, the following criteria were established for inclusion in the study: i) A systolic aortic valvular gradient of more than 5o mmHg (6.7 kPa) or calculated aortic valve area of less than 0.75 cm2, and 2) age over 35 years.
It has become the practice in many institutions over the past several years to perform coronary arteriography on all patients with valvular aortic stenosis who are to undergo valve replacement surgery. The rationale for this is twofold: i) to evaluate coronary arterial patency in planning for cannulation and perfusion during extracorporeal bypass, and 2) to delineate the extent and severity of coronary arteriosclerosis as a prognostic guideline and preparatory to potential coronary arterial bypass by saphenous vein graft at the time of valve surgery.
The prognostic import of concomitant coronary atherosclerosis in patients being operated upon for aortic stenosis has been pointed out by numerous authors (Elliott et al., I964; Peterson et al., I967; Linhart and Wheat, I967) . The feasibility and desirability of performing coronary bypass surgery in appropriate patients at the time of aortic valve replacement has been discussed by Loop and coworkers (I972) . Moreover, in many institutions coronary bypass can be performed where indicated at the time of aortic valve replacement without significantly increasing the surgical risk. It would, therefore, be advantageous if some clinical indicator could be identified which would predict the presence or absence of coronary artery disease in aortic stenosis patients with a degree of surety. Because it seemed that the presence or absence of angina pecReceived 8 January I975. toris might, in such patients, provide a differential clue, we undertook the present investigation.
Subjects and methods
Cardiac catheterization laboratory records were reviewed to identify all patients who had undergone both diagnostic catheterization for evaluation of aortic stenosis and coronary arteriography from the date it became routine policy in our hospitals to perform the latter procedure on all cases of left ventricular outflow obstruction before surgery. Since we were interested in examining only those patients with unequivocally severe aortic stenosis who were in an age range which could make concomitant coronary atherosclerosis a reasonable possibility, the following criteria were established for inclusion in the study: i) A systolic aortic valvular gradient of more than 5o mmHg (6.7 kPa) or calculated aortic valve area of less than 0.75 cm2, and 2) age over 35 years.
Several patients included in the study had associated trivial aortic regurgitation or mitral valve disease, but in all cases aortic stenosis was clearly the dominant lesion. Aortic valve areas were calculated by the hydraulic formula of Gorlin and Gorlin (i95i) , where applicable. Four patients were included in whom the aortic valve could not be traversed at the time of catheterization but in whom the presence of severe aortic stenosis was confirmed at surgery.
Selective coronary arteriography was performed by the Sones' or Judkin's technique. In the majority of cases, the coronary arteries were opacified in at least two views, usually the left and right anterior oblique. An occasional case was retained in which a vessel was seen in one within this group (32.5%) had significant coronary artery disease. Twenty-nine patients did not complain of angina and only 3 of these patients (I0.3%) were found to have a significant obstructing coronary lesion. The difference in prevalence of coronary disease between these two groups was statistically significant (P < o.os). The mean age of the patients with angina was 59.5 years while that of those without angina was 56.6 years. The mean gradient across the aortic valve in the former group was 82.7 mmHg (ii.o kPa); that in the latter group was 79.9 mmHg (io.6 kPa). The differences between the mean ages and gradients of the two groups were not statistically significant (P > o.os).
Those patients with angina were subdivided into two groups depending upon the presence or absence of coronary artery disease. There were 27 patients without significant coronary arterial obstruction. The mean age of this group was 57.6 years and the mean gradient across the aortic valve was 86 mmHg (II.4 kPa). There were 13 people who had significant coronary arterial obstruction among those with angina. The mean age of these I3 was 63.4 years and the mean gradient across the aortic valve was 75.8 mmHg (io.I kPa). The age difference between these two groups was of borderline statistical significance (P < o. io). The difference in mean gradient was not statistically significant (P > 0.05).
The patients without angina were also broken down into a group of 26 without coronary artery disease and a group of 3 with obstructive arterial lesions. The mean age and gradient in the former group were 55.7 years and 80.5 mmHg (I0.7 kPa), respectively. In the latter group the comparable figures were 64.6 years and 75 mmHg (io.o kPa). The differences between the mean age and gradients of the two groups were not statistically significant (P >0.05).
Discussion Angina pectoris has long been recognized as a prominent symptom in patients with valvular aortic stenosis. There are many reasons for this relation, and a consideration of the physiological principles governing coronary flow (Gorlin, I966) makes many of them clear. Among the major factors, abnormal flow pattems (Levine, I945) across a diseased aortic valve, presumably interfering with coronary filling, coupled with the increased oxygen needs of a myocardium overburdened by hypertrophy and increased systolic wall tension, result in myocardial ischaemia and its frequent clinical counterpart, angina. Recently, it has been shown experimentally in animals and in humans (Vincent, Buckberg, and Hoffman, 1974 ) that with increasing degrees of aortic constriction, despite an increase in mean coronary blood flow, flow in diastole falls conspicuously. When this occurs, left ventricular myocardial blood flow becomes inhomogeneous, with a significant decrease in the proportion of flow to the subendocardial muscle. This mechanism has been suggested as an explanation for ischaemia in the hypertrophied left ventricle, even in the presence of a normal coronary arterial tree.
Since severe aortic stenosis in adults is most commonly found within an age range which is virtually identical to that containing the majority of patients with arteriosclerotic heart disease, the overlap and interrelations of these two diseases have been extensively commented on in the past. Some early studies (Zeek, I932) , suggested that the rheumatic process might accelerate atherosclerosis. These were followed by pathological correlations (Horan and be noted that the large majority of the patients included in our study were men. This is, of course, primarily a reflection of the patient population of the Veterans Administration Hospital which contributed a substantial portion of our case material.
Finally, it might be pointed out that our study population was not a very large one, making it more difficult to draw accurate conclusions. The series is unselected, however, in that it represents all older eries Left 
